The antioxidant capacity of methanolic crude extracts of Berberis vulgaris L., Cornus mas L. and Mahonia aquifolium Nutt. was tested with the thiobarbituric acid reactive substances formation assay, the ferric reducing power (FRAP) and 2,2-diphenyl-2-picrylhydrazyl (DPPH • ) radical scavenging assay. The content of antioxidant components in the extracts, their partition coeffi cient on 1-octanol:water and affi nity to liposome membranes were determined as well. The results show that the IC 50 parameter connected with the antioxidant activity on phosphatidylcholine liposome membrane decreased as follows: B. vulgaris (0.14±0.01 mg/mL) > M. aquifolium (0.34±0.03 mg/mL) > C. mas (1.13±0.01 mg/mL) for AAPH-induced oxidation and M. aquifolium (0.29±0.03 mg/mL) > C. mas (1.24±0.07 mg/mL) > B. vulgaris (1.50±0.05 mg/mL) for Fe(II)/ascorbic acid-induced oxidation, and M. aquifolium (2.35±0.10 mg/mL) > B. vulgaris (2.69±0.04 mg/mL) > C. mas (6.17±0.06 mg/mL) for UVC irradiation. All the extracts exhibited the ability to quench DPPH
INTRODUCTION
Free radicals ubiquitous in the environment affect a human organism, resulting, under oxidative stress-induced damage, in many diseases [Halliwell & Gutteridge, 1984; Gutteridge, 1993] . It is thus necessary to fi nd the so-called exogenous antioxidants that can support the organism in its struggle against the actions of free radicals [Jacob & Burri, 1996] . It would be best if a well-balanced and differentiated diet supplied appropriate amounts of such substances. Polyphenols contained in e.g. fruits and vegetables constitute a large group of health-boosting substances whose activity depends to a large extent on their antioxidant action [Liu, 2003 [Liu, , 2004 . Producers of processed fruit are eager to attract consumers with new and attractive products. In recent years, increasing attention has been paid by producers to lesser known fruits, such as cornelian cherry (Cornus mas L.), barberry (Berberis vulgaris L.) and mahonia (Mahonia aquifolium Nutt.) which possess unusual fl avour, and are rich in antioxidants and natural colorants. Moreover, fruits and leaves of these plants are known for their biological activity, such as e.g. anti-histaminic, anti-infl ammatory, anti-malarial, hepatoprotective and vasodilatory [Ji et al., 2000; Seeram et al., 2002; Fatehi et al., 2005; Minaiyan et al., 2011] . The antioxidant activity of Berberis vulgaris and Mahonia aquifolium has been poorly known until now [Račková et al., 2007; Koncić et al., 2010] . It was found that Berberis vulgaris possesses some radical-scavenging and antioxidant activities, as determined by the scavenging effect on DPPH
• radical, ferric reducing power (FRAP) and -carotene-linoleic acid model systems. Fruits of Cornus mas L. are known as the European and Asiatic cornelian cherry and are used in Europe as a raw material in the food industry [Vareed et al., 2006; Tural & Koca, 2008] . The fruits are very good for fresh consumption and very valuable for processing to produce syrups, juices, jam and other traditional products [Rop et al., 2010] . Popović et al. [2012] investigated the antioxidant activity of 10 genotypes of cornelian cherry from Vojvodina province (in Serbia) by different methods, including DPPH
• , • NO, O 2 •‾ antiradical power, reducing power (FRAP) and lipid peroxidation. These studies and those of other authors [Tural & Koca, 2008; Yilmaz et al., 2009] have indicated a high antioxidative potential of cornelian cherry fruits. There are no research papers on the antioxidant activity of fruit extracts and their affi nity to the lipid membrane tested on liposomes as a lipid model of the cell membrane. Reports of their antioxidant activity and antiradical properties suggested to investigate the affi nity of the extracts to the organic phase and the liposome membrane. The present in vitro investigation is aimed at answering the question if the fruit extracts are effective antioxidants with respect to oxidized lipids and whether they are free radical scavengers in redox processes, in view of their potential application in the food industry to protect food lipids against rancidity. Polyphenols were extracted from fruits with an 80% methanol solution, as literature data indicate methanol to be commonly used in such cases, with its extraction effi ciency being comparable with that by ethanol, or a bit lower [Turkmena et al., 2006; Wang et al., 2008] .
The aim of this study was to comprehensively investigate the antioxidant properties of methanolic crude extracts of B. vulgaris L., M. aquifolium Nutt. and C. mas L. fruit from different sites in Poland, by employing various in vitro assays, i.e. DPPH
• , FRAP, and TBARS test for lipid peroxidation in model lipid membranes, in order to establish the usefulness of the fruit extracts for the functional food industry. Additional analyses were carried out for the content of total polyphenols, anthocyanins and fl avonoids with identifi cation of main components in the extracts as well as their ability to incorporate into the octanol:water interface and the phosphatidylcholine liposome membrane.
MATERIALS AND METHODS

Materials
2,2-Azobis(2-methylpropionamidine) dihydrochloride (AAPH), Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) of 97% purity, N,N-dimethylformamide (DMF), iron (II) chloride tetrahydrate (FeCl 2 × 4H 2 O) of 99% purity, 1,1-diphenyl-2-picrylhydrazyl (DPPH • ), 1-octanol, rutin hydrate of 85% purity, 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), gallic acid, iron (III) chloride anhydrous (FeCl 3 ) of 97% purity, 2-thiobarbituric acid (TBA) 98% and aluminum chloride hexahydrate (AlCl 3 ·6H 2 O) were purchased from Sigma (Sigma Chemical Co., St. Louis, MO, U.S.A.). L-Ascorbic acid, acetic acid, sodium acetate trihydrate, sodium carbonate anhydrous, Folin-Ciocaltaeu's phenol reagent and chloroform were obtained from POCH Gliwice (Gliwice, Poland). The fl uorescence probe 3-p-(6-phenyl)-1,3,5--hexatrienyl (DPH) was obtained from Molecular Probes (Eugene, OR, USA). Methanol and tris(hydroxymethyl)aminomethane (Tris:HCl) were obtained from "Chempur" Piekary Śląskie (Piekary Śląskie, Poland). Trichloroacetic acid (TCA) and hydrochloric acid (HCl) 36% were obtained from "Stanlab" P.P.H. Lublin (Lublin, Poland).
Plant extracts
Fruits of B. vulgaris L. were collected around Wroclaw, M. aquifolium Nutt. fruits were obtained from the Research Experimental Station in Piastów, whereas fruits of C. mas L. were obtained from the Arboretum and Institute of Physiography in Bolestraszyce. Fruits were harvested in September 2007.
Preparation of 80% methanol extracts
Extracts were prepared at the Department of Fruit, Vegetables and Cereals Technology. To 5.00 g of fruit pulp (B. vulgaris L., C. mas L., M. aquifolium Nutt.) 10 mL of 80% methanol acidifi ed with hydrochloric acid were added. Samples were sonicated (INTERSONIC IS-3) for 10 min. Afterwards, the extracts were fi ltered on Schott's funnel under vacuum. Precipitates were collected into 50 mL fl asks.
Preparation of phosphatidylcholine
Phosphatidylcholine was extracted from hen egg yolk at the Department of Chemistry, Wrocław University of Environmental and Life Sciences, according to the procedure as in the paper by Gładkowski et al. [2009] . Briefl y, to 30 g of dried egg yolk 50 mL of acetone was added. The sample was shaken for 15 min and centrifuged. The operation was repeated three times. Afterwards, the precipitate was extracted three times in 50 mL of methanol and then centrifuged. The obtained residue was fi ltered; next the ooze was evaporated and dissolved in 35 mL of hexane with the addition of 150 mL of frosted acetone. After centrifugation the precipitate was separated in a chromatographic column and, as a result, pure phospholipids were obtained (phosphatidylethanolamine, phosphatidylocholine and cholesterol).
Liposome preparation for lipid peroxidation
Lecithin was dissolved in chloroform (10 mg/mL) and dried under an N 2 stream for one minute and under vacuum for another 30 min. Dried lipids were resuspended in Tris-HCl buffer (pH 7.4). The preparations were sonicated for 5 min using a 20 kHz sonicator. During sonication the samples were thermostated at 0-2ºC.
Antioxidant capacity assay of the extracts
Lipid peroxidation in egg phospholipid liposomes was induced by ultraviolet radiation from a bactericidal lamp (=253.7 nm) at 3.0 mW/cm 2 intensity (UVC) or by incubation with 10 mmol/L AAPH [2,2-azobis (2-methylpropionamidine) dihydrochloride] at 37ºC; or with 10 μmol/L of an Fe(II)/ascorbic acid mixture. The accumulation of phospholipid peroxidation products was estimated by determination of 2-thiobarbituric acid reactive substances (TBARS) in the incubation medium [Buege & Aust, 1978] . The measure of thiobarbituric acid reactive substances gives the concentration of malondialdehyde (MDA) and related compounds generated from cyclic peroxides or endoperoxides. A pink chromophore that can be detected at 535 nm was formed as a consequence of their reaction with thiobarbituric acid at a high temperature. A sample without antioxidant addition served as the control. The percentage of phosphatidylocholine (PC) liposome oxidation induction or inhibition was calculated from the formula:
where: A A -absorption increase (at =535 nm) after 30 min exposure (or 60 min of incubation with AAPH, or with a mixture Fe(II)/ascorbic acid with an antioxidant added), A 0 -absorption increase (at =535 nm) after 30 min of light ex-posure of PC liposomes (or 60 min incubation with AAPH or with Fe(II)/ascorbic acid mixture) without antioxidant added. The IC 50 value was determined from the dependency of the percentage of oxidation inhibition after 30 min of oxidation induction or 60 min of incubation with AAPH or with Fe (II)/ascorbic acid on the concentration of the extracts studied. This allowed calculation of the value of x = IC 50 was calculated for y = 50%. IC 50 denotes the antioxidant concentration (in mg of fresh fruit/mL) causing 50% inhibition of liposome oxidation after 30 min of UV irradiation or after 60 min of incubation with AAPH with Fe(II)/ascorbic acid mixture. The antioxidant activity of the extracts was compared with the antioxidant activity of the dissolvable-in--water tocopherol analogue -Trolox -and expressed in TEAC (Trolox Equivalent Antioxidant Capacity, in mmol TE/100 g FW). All determinations were performed in six replicates (n=6).
Free-radical scavenging assay
The effect of the studied extracts on reduction of free DPPH
• radicals was measured spectrophotometrically, as described previously by Brand-Williams et al. [1995] . Briefl y, a DPPH
• methanol solution with absorption of approximately 0.9 was mixed with a proper amount of extract or Trolox solution and immediately placed in a spectrophotometer. As a control, the absorption of DPPH
• radicals (without addition of an extract) was measured at time t=0. The % reduction of DPPH
• in the sample after 15 min incubation with an antioxidant (of fi xed concentration) was determined using the formula:
where: A C is a change of absorbance at =517 nm, after 15 min in the absence of an antioxidant; and A A is a change in absorbance at =517 nm, after 15 min of the probe with the antioxidant at t=15 min. The results were expressed in mmol TE/100 g FM (TEAA). All determinations were performed in six replicates (n=6).
Determination of ferric reducing/antioxidant power (FRAP)
The total antioxidant potential of the sample was determined using a ferric reducing ability of plasma (FRAP) assay presented by Benzie & Strain [1996] . Three hundred μL of freshly prepared FRAP reagent (0.3 mol/L acetate buffer pH 3.6; 10 mmol/L TPTZ in 40 mol/L HCl, 20 mmol/L FeCl 3 ) were warmed to 37ºC and a 10 μL sample was then added and vortexed. The absorption of the blue complex Fe (II)-TPZT was measured at 595 nm after 10 min. The results were expressed by the FRAP in μmol Trolox per 1 g of fresh mass (μmol TE/1 g FM). A standard curve was plotted using different concentrations of Trolox. The solutions were used on the day of preparation. All determinations were performed in six replicates (n=6).
Determination of total phenolic content
In brief, 100 μL of methanolic solution of each properly diluted extract and 200 μL of Folin-Ciocaltau reagent were mixed and incubated for 3 min in dark. Afterwards, 2 mL of distilled water and one mL of 20% Na 2 CO 3 were added, and then the mixture was mixed and incubated in the dark for 60 min. The control sample was also prepared by replacing the content of the extract with its solvent. All samples were centrifuged for 10 min at 3000 rpm at room temperature. Based on the spectrum (spectrophotometer Cary 300, Varian) of the tested extract the maximum value of the wavelength was estimated, at which the absorbance readings were performed. The results were expressed as equivalent mg of gallic acid per 100 g of fresh mass (mg GAE/100 g FM). A standard curve for gallic acid was plotted under the same conditions as the studied samples. All determinations were performed fi ve times (n=5).
Determination of total fl avonoid content
Each extract was analyzed for total fl avonoid content according to the previously reported colorimetric method with modifi cations [Jia et al., 1999] . One mL of a methanolic solution of extracts at a suitable concentration was mixed with one mL of a methanolic solution of 2% AlCl 3 × 6H 2 O. After 10 min incubation the absorbance of the solution was measured at 430 nm with a spectrophotometer (Cary 300, Varian). The results were expressed as equivalent mg of rutin per 100 g of fresh mass (mg RE/100 g FM) and compared with the rutin standard curve, which was made under the same conditions. All determinations were performed fi ve times (n=5).
Determination of anthocyanins content
Total anthocyanin amount, calculated as cyanidin 3-O-glucoside, was determined by means of the pH differential method [Giusti & Wrolstad, 2001 ], using two buffer systems: potassium chloride buffer, pH 1.0 (0.025 mol/L) and sodium acetate buffer, pH 4.5 (0.4 mol/L). At pH 1.0 anthocyanins occur in the colored oxonium or fl avylium form, whereas at pH 4.5 they are predominantly in the colorless carbinol form. The fi rst 1.0 mL aliquot of the extract was transferred to a 100 mL volumetric fl ask, diluted to a volume of pH 1.0 buffer and mixed. The second 1.0 mL aliquot of the extract was placed in a 100 mL volumetric fl ask, diluted to the volume with pH 4.5 buffer and mixed. The solutions were allowed to stand at a room temperature for 20 min. Absorption was measured with a spectrophotometer (Cary 300, Varian) at 510 and 700 nm, using the formula: A = (A 510 -A 700 ) pH 1.0 -(A 510 -A 700 ) pH 4.5 . Results were expressed as equivalent mg of cyanidin 3-O-glucoside per 100 g of fresh mass (mg C3GE/100 g FM). All determinations were performed in six replicates (n=6).
Analytical HPLC of phenolics and iridoids
Phenolics and iridoids were determined by the method described by Kucharska [2012] , using the Dionex HPLC system (USA) equipped with the diode array detector model Ultimate 3000. Compounds were monitored at wavelengths: 520 nm (anthocyanins), 360 nm (fl avonols), 320 nm (phenolic acids), and 245 nm (iridoids). The results were calculated as % of cyanidin 3-O-glucoside, quercetin 3-O-glucoside, chlorogenic acid, ellagic acid, gallic acid, p-coumaric acid, and loganic acid. All determinations were performed in duplicate.
Estimation of partition coeffi cient 1-octanol:water (P) partition coeffi cient
Estimation of the 1-octanol:water (P) partition coefficient was done according to Nenadis et al. [2003] . In brief, 3 mL of 1-octanol and a proper amount of each extract were kept at 37ºC for 30 min and an UV spectrum was then run. The absorbance value was recorded at the maximum wavelength (A 0 ). Equal volumes of organic and aqueous phases were vortexed (2500 rpm) for 1 min and centrifuged for fi ve min, 1500×g, at a room temperature. After 30 min, the UV spectrum of the organic layer (A x ) was recorded. The partition coeffi cient P was calculated according to the formula:
. A solution of 1-octanol saturated with water was used as the blank. All determinations were performed fi ve times (n=5).
Liposome PC: buffer (K d ) partition coeffi cient
The procedure for determining the liposome PC:buffer (K d ) partition coeffi cient was described by Tammela et al. [2004] . This method is based on fl uorescence quenching of the DPH probe and determines the partition coeffi cient (K d -dissociation constant) of the test compounds to model bilayer membrane systems comprised of phosphatidylcholine (PC) as the bilayer-forming phospholipid. For this experiment liposomes were prepared in the same manner as described earlier. The fl uorescent DPH probe was used at 0.1 μmol/L concentration. The DPH stock solution was prepared in DMF. Partition coeffi cients were determined, assuming the use of the Stern-Volmer equation, from the fl uorescence intensity of the DPH probe as a function of the tested compound concentration: The fl uorescence experiment was conducted using a spectrofl uorimeter with a built-in polarization attachment (SFM-25, Kontron Instruments, Zürich, Switzerland). The excitation ( ex ) and emission ( em ) wavelengths were as follows:  ex =360 nm and  em =425 nm. All determinations were performed in six replicates (n=6).
Statistical analysis
Means and standard deviation were calculated from the data obtained from fi ve to six experiments. These data were compared using Duncan's multiple range test. Data were analyzed by one-way analysis of variance (ANOVA) using Statistica (Version 8.0). Differences were considered statistically signifi cant at p<0.05.
RESULTS AND DISCUSSION
The inhibitory effect of the extracts on peroxidation of the phosphatidylcholine liposome membrane is illustrated in Figure 1 . Results are expressed in terms of the IC 50 parameter, which indicates the concentration of an extract that causes 50% reduction of liposome oxidation. Membrane lipids were oxidized using three different inductions: AAPH compound, Fe(II)/ascorbic acid mixture and UVC irradiation. In the case of AAPH-induced oxidation, signifi cantly (p<0.05) greater protection of liposome membranes occurred with the extract B. vulgaris L. (0.14±0.01 mg/mL) compared to M. aquifolium Nutt. (0.34±0.03 mg/mL) and C. mas L. (1.13±0.01 mg/mL). In this case free radicals were developed as a result of successive thermal decomposition of AAPH molecules that consisted in the breaking of a double bond between nitrogen atoms, with resultant formation of two free radicals. The rate at which this reaction occurred was most probably low because of the high effi ciency of their recombination by extract components. Signifi cantly lower membrane protection was observed in the case of liposome oxidation induced by UVC radiation. There were no statistically signifi cant differences (p<0.05) between extracts of M. aquifolium Nutt. (2.35±0.10 mg/mL) and B. vulgaris L. (2.69±0.04 mg/mL). The antioxidant activity of the C. mas L. extract was however signifi cantly lower (6.17±0.06 g/mL). This might be due to the relatively low ability of the extracts to scavenge the hydroxyl radicals that arise as a result of UV irradiation. Hydroxyl radicals are highly reactive radicals, capable of attacking most biological substrates; for example carbohydrates, DNA, polyunsaturated fatty acids and proteins [Shih & Hu, 1999] . Hydroxyl radicals are known to be capable of abstracting hydrogen atoms from phospholipid membranes and thus inducing peroxidic reaction of lipids [Karawita et al., 2005] . During UVC irradiation, aside from the mentioned • OH, the singleton oxygen arises. UVC may directly transfer photons from a triplet oxygen to a singlet state. This possibility is energetically feasible since the energy content of UVC photon-mole is ~ 226 kJ/mol, whereas that of singlet oxygen is ~93 kJ/mol above the ground state, but achievable only when oxygen concentration is high [Shih & Hu, 1999] . (Figure 2 ). The activity of C. mas L. in reducing DPPH • , according to West et al. [2012] , was expressed as IC 50 parameter equal to 3.8 μL/mL. However, the DPPH
• method is only capable of indicating the potential antioxidant activity, it does not utilize a food/biologically-relevant oxidizable substrate and, consequently, no direct information on protective performance can be determined [ Dorman et al., 2003b] . Therefore, the ability of the samples to inhibit peroxidation of the liposome membrane was determined, as phospholipids are believed to play a principal role in oxidative deterioration and the off-fl avor development in food products.
The FRAP assay is based on measurement of the ability of a substance to reduce Fe(III) to Fe(II). The reducing power is another antioxidant defense parameter commonly used to establish the oxidation potential of plant extracts. Different studies have indicated that the electron donation capacity (refl ecting the reducing power) of bioactive compounds is associated with their antioxidant activity [McCune & Johns, 2002; Dorman et al., 2003a] . The data presented in this study suggest that components in C. mas L., M. aquifolium Nutt. and B. vulgaris L. which are soluble in the acidic aqueous methanol extracts are capable of electron donation and therefore should be able to donate electrons to unstable free radicals, converting them into more stable non-reactive species, with the B. vulgaris L. extract components being the most effective electron donators. The methanolic extract of B. vulgaris L. possessed the highest FRAP, which was signifi cantly higher than the value observed for the M. aquifolium Nutt. and C. mas L. extracts. The reduction potential of C. mas L. extract was also evaluated by Pantelidis et al. [2007] and Tural & Koca [2008] , but differences in the assay protocol made the comparison of the data impossible.
Summarized data of the concentrations of total polyphenols, fl avonoids and anthocyanins in three extracts are presented in Table 2 . A signifi cantly higher (p<0.05) content of polyphenols was found in the B. vulgaris L. extract (1024.31±15.20 mg GAE/100 g FM) compared to M. aquifolium Nutt. extract (806.19±6.44 mg GAE/100 g FM). The C. mas L. extract had the lowest content of total polyphenols. The total polyphenol content in cornelian cherries grown in Turkey ranges between 280 and 580 mg/100 g FM [Tural & Koca, 2008] . The Cornus mas grown in the Czech Republic contains higher amounts of total polyphenols, up to 210 mg/100 g FW [Rop et al., 2010] . The Bulgarian cultivars of cornelian cherries contain comparable to other reports amounts of total polyphenols in the range 280-460 mg/100 g FM [Marinova et al., 2005] . Total anthocyanin content in Cornus mas was reported as being on average 223.0 mg per 100 g [Pantelidis et al., 2007] and between 95 and 107 mg/100 g FM [Tural & Koca, 2008] . The broad range of anthocyanin concentrations reported for Polish cultivars of cornelian cherries in this study (27-160 mg/100 g FM) and in previous papers is due to great differences in pigmentation between the cultivars of cornelian cherries [Kucharska, 2012] .
Flavonoids, including anthocyanins, as one of the most diverse and widespread group of natural compounds are probably the most important natural phenolics. These compounds possess a broad spectrum of chemical and biological activities, including radical scavenging properties. A significantly higher (p<0. ) and free radical scavenging (DPPH • ) was highly correlated with the total content of polyphenols (r=0.920, r=0.869, r=0.966) and fl avonoids in the extracts (r=0.935, r=0.848, r=0.975). There was also a correlation between total polyphenols and fl avonoids content and the reducing power (r=0.617, r=0.648, respectively). This fact may suggest a mechanism of the antioxidant ability of the extracts when liposomes are oxidized with AAPH and UV radiation. The free radicals AAPH
• and
• OH are most probably reduced by electrons of the extract molecules or the hydrogen atom. TEAC UV was also correlated with anthocyanins content (r=0.648). The antioxidant potential of plant extracts is associated with the concentration and composition of polyphenolic compounds [Rop et al., 2010] . Such a high correlation proves that in both cases of membrane oxidation, by AAPH • and
• OH radicals, the effectiveness of their reduction is directly proportional to the number/concentration of biologically--active molecules in the extracts responsible for that process. Protection of PC liposomes against the AAPH free radical, which was more effective in the presence of extracts, can also be explained by the extracts' membrane-surface localization, distinct from the deeper penetration, for example, by fl avones [Gabrielska et al., 2007] . This facilitates a better acceptability of the extract, when dissolved in water, of particles during AAPH free radical scavenging. In the case of the TEAC Fe parameter no correlation was obtained with the total contents of polyphenols and fl avonoids except the anthocyanins, where the correlation was high (r=0.999). It shows that the anthocyanins present in the methanolic extracts of B. vulgaris, C. mas and M. aquifolium exhibit a differentiated ability to chelate Fe(II) ions, which affects the protection of the liposome membrane in the case of peroxidation induced by Fe(II)/ ascorbic acid. The highest protection of liposome membranes was observed in the case of M. aquifolium extract, the one which exhibited the highest content of anthocyanins. The percentage of anthocyanins identifi ed by HPLC in the sample extracts is summarized in Table 3 . The predominant an- 
in this:
pg-3-gal (63 %) cy-3-gal (36 %) dp-3-gal (< 1 %)
18.4 in this: cy-3-rut (43 %) dp-3-rut (30 %) no pg-3-glu -pelargonidin 3-O-glucoside; pg-3-gal -pelargonidin 3-O-galactoside; cy-3-rut -cyanidin 3-O-rutinoside; dp-3-rut -delphinidin 3-Orutinoside; dp-3-gal -delphinidin 3-O-galactoside; cy-3-gal -cyanidin 3-O-galactoside; qc-3-glu -quercetin 3-O-glucoside; qc-3-glucur -quercetin 3-O-glucuronide; kempf-3-gal -kempferol 3-O-galactoside; chlo. ac. To characterize the type of interaction between components in methanolic extracts and liposome membranes, the partitioning between water and 1-octanol was determined (Table 4 ). The affi nity of the compounds to 1-octanol shows their relative hydrophobicity. The P values presented in Table 4 indicate that components in the prepared extracts exhibited lower affi nity to 1-octanol than to the aqueous phase, suggesting that their hydrophobic properties are limited and thus they have a low possibility to incorporate into the hydrophobic part of PC liposomes. The fact that the extracts exhibit lower affi nity to the organic phase, penetrating that phase according to the sequence: C. mas L. < B. vulgaris L. < M. aquifolium Nutt., confi rms literature data that anthocyanins, one of the main extract components, exhibit greater affi nity to water and dissolve better in polar solvents [Kong et al., 2003] . No statistically signifi cant differences were found between affi nity to the organic phase for B. vulgaris L. and M. aquifolium Nutt.
The ability of the extracts to associate with the liposome membrane was determined using lipid vesicles with the DPH probe. It was expected that higher values of dissociation constants (K d ) would correlate with shallow membrane penetration by extract components. The calculated dissociation constants K d (Table 4) [Tammela et al., 2004] .
In this study we additionally noted a high correlation between K d values and the content of phenols (r=-0.999) and fl avonoids (r=-0.998) in the extracts. It seems that the extracts' capacity to form associates with the PC liposome membrane is related to the chemical structure of antioxidants rather than to their concentration in the extract. These correlations indicate also the essential role of anchorage in the membrane (most probably in the hydrophilic region near the membrane surface) of antioxidant molecules, as then they can effectively scavenge free radicals that attack the membrane from the aqueous phase. We observed a strong correlation between the antioxidant activity against lipid peroxidation, induced by AAPH (TEAC 
CONCLUSIONS
The studies revealed a differentiated activity of methanolic extracts of B. vulgaris L., M. aquifolium Nutt. and C. mas L., towards phosphatidylcholine liposomes that depended on the extract concentration and the oxidizing factor.
It has been shown that the antioxidant activity of the extracts was positively correlated with total polyphenol and fl avonoid contents and the compound's ability to incorporate into the liposome membrane. This means that the protection of the lipid membrane by an extract's constituent against attack by free radicals is the better the greater its concentration and depth of incorporation into the membrane.
The B. vulgaris L. and M. aquifolium Nutt. (barberry and mahonia) components of crude extracts showed particularly strong antioxidant activity (against AAPH and UV induced liposome oxidation) and antiradical properties (in DPPH test). These in vitro results may suggest the potential application of barberry and mahonia extract as preservatives (though obtained by ex- traction with ethanol, 50-80%) to retard the free radical-mediated degradation of susceptible components, in particular those containing unsaturated fatty acids. Barberry, mahonia and cornelian cherry growing in southern Poland are attractive fruits for consumption. As the source of biologically-active compounds (anthocyanins -mahonia>cornelian cherrybarberry; fl avonols -barberry>mahonia>cornelian cherry; phenolic acidsbarberry>mahonia>>cornelian cherry; and in the case of cornelian cherry -iridoids) these fruits can potentially be used in the production of new processed fruit.
